Introduction
============

Lung cancer is the leading cause of cancer-related mortality worldwide, and non-small-cell lung cancer (NSCLC) accounts for over 85% of lung cancers and represents a major histological subtype.[@b1-ott-11-8705],[@b2-ott-11-8705] Almost half of the patients are diagnosed during stage IV NSCLC, and conventional systemic chemotherapy is the cornerstone of treatment. However, a modest benefit is provided in survival and the overall 5-year survival rate of NSCLC is still low.[@b1-ott-11-8705] For advanced NSCLC, immune checkpoint inhibitors (ICIs) have been approved by the US Food and Drug Administration based on Phase III trials in first- or beyond line treatments.[@b3-ott-11-8705]--[@b6-ott-11-8705] Unfortunately, the major concern regarding immunotherapy in NSCLC is cost-effectiveness. As we all know, immunotherapy is a high-cost treatment, and the efficacy rate of ICI monotherapy is relatively low.[@b7-ott-11-8705],[@b8-ott-11-8705] Moreover, driver gene mutations might be implicated in the shorter progression-free survival (PFS) and the low response rate.[@b9-ott-11-8705] Based on these reasons, limitations exist in the application of immunotherapy.

With the development of molecular biology, the utilization of tyrosine kinase inhibitors (TKIs) has unveiled a new era for NSCLC treatment. *HER2*, also known as *ErbB2*, a member of the ErbB receptor tyrosine kinase family, is a major proliferative driver that activates downstream signaling, such as the PI3K-Akt and MEK-ERK pathways. A clinical characteristics analysis revealed that *HER2* mutations were more frequently observed in female patients who never smoked, and had an adenocarcinoma histology.[@b10-ott-11-8705]--[@b12-ott-11-8705] *HER2* mutations occur in approximately 2% to 4% of NSCLC, and the main mutation types of *HER2* include protein overexpression, gene amplification, in-frame insertion in exon 20, and point mutation.[@b13-ott-11-8705] In a prior report, exon 20 insertion mutations, especially a 12 bp insertion mutation causing the duplication of the amino acids YVMA at codon 775, were the most common mutation type (over 80%).[@b11-ott-11-8705] Afatinib, an oral HER family blocker, covalently binds and irreversibly blocks all kinase-competent HER family members.[@b14-ott-11-8705] Moreover, afatinib therapy has been reported to display promising results and a manageable toxicity profile by targeting mutations in exon 20, such as p.Ala775-Gly776 ins, p.Tyr772-Ala775dup, p.Gly776Leu, and p.Gly778-Pro780 dup, in several studies on NSCLC.[@b13-ott-11-8705],[@b15-ott-11-8705]--[@b17-ott-11-8705]

Compared with the well-characterized exon 20 mutations, mutations in extracellular domain (ECD) have been poorly investigated. The *HER2* S310 single site substitution, located in the HER2 ECD, has been verified to be oncogenic. An in vitro study confirmed that the *HER2* S310Y mutant promotes non-covalent dimerization and kinase activation and supports robust colony formation in soft agar. After treatment with HER2 inhibitors afatinib, lapatinib, and neratinib, Ba/F3 cells harboring *HER2* S310Y mutant exhibited increasing sensitivity to the inhibitors compared to cells expressing the kinase domain mutant (ins YVMA) or the wild-type *HER2*.[@b18-ott-11-8705] Clinically, there has been a report of a patient with lung adenocarcinoma harboring the *HER2* S310Y mutation who was treated with afatinib.[@b19-ott-11-8705] After the afatinib treatment, the patient achieved a partial response (PR) in the chest lesions and an almost complete response in the intracranial lesions and had a PFS of 5 months. The case was the first clinical evidence of effective management by afatinib targeting the *HER2* S310Y mutation in lung adenocarcinoma. However, among the reported lung squamous cell carcinoma (SqCC) biomarkers, *HER2*, as a target, remains poorly described. Herein, we published a rare case of a lung SqCC patient with an *HER2* S310Y mutation who responded to afatinib.

Case presentation
=================

A 76-year-old Chinese male, with a history of heavy smoking (30 pack-years), presented to a local hospital due to continuous coughing and phlegm in September 2016. A chest computed tomography (CT) scan revealed a space-occupying lesion in the left lower lobe and left pleural effusion, and central type lung cancer was considered. In May 2017, the patient was referred to our hospital for further examination. CT scan identified several solitary lumps in the left lower lobe, and the patient also had mediastinal lymphadenopathy and pleural metastasis ([Figure 1](#f1-ott-11-8705){ref-type="fig"}). An immunohistochemistry (IHC) examination of the transbronchial needle aspiration biopsy specimen revealed that the tumor cells exhibited a strong positive staining for CK5/6, P40, and P63 ([Figure 2](#f2-ott-11-8705){ref-type="fig"}). Based on the IHC examination, the patient was diagnosed with stage IV squamous cell lung carcinoma (pT4N3M1). According to the patient's wishes and the exclusion of treatment contraindications, the patient underwent treatment with endostar (a novel recombinant human endostatin) combined with chemotherapy: docetaxel and cisplatin. Though the clinical effect assessment showed a PR, the patient ceased treatment due to emerging chemotherapy-induced side effects, namely supraventricular tachycardia. Then, amplification refractory mutation system PCR, to assess the tissue biopsy for *EGFR* exon 18--21, showed a deletion mutation in exon 19 of *EGFR* ([Figure 3](#f3-ott-11-8705){ref-type="fig"}), prompting the initiation of the *EGFR*-inhibitor icotinib (125 mg tid). A month later, a CT scan revealed a slight enlargement of the primary mass and multiple nodules in the lung compared with the day before the icotinib treatment ([Figure 1B and C](#f1-ott-11-8705){ref-type="fig"}). Based on the unsatisfactory therapeutic effects, the patient received docetaxel and cisplatin again. In order to establish effective therapy and re-evaluate the molecular features, DNA was extracted from the fresh puncture sample and was subjected to DNA sequencing analysis using next-generation sequencing (NGS). The result showed that the patient had *HER2* exon 8 S310Y mutation (c.929C\>A) with an allelic fraction of 42.49% and wild-type *EGFR* ([Figure 3B](#f3-ott-11-8705){ref-type="fig"}). Thus, afatinib administration began on November 20, 2017 after prior therapy showed no clinical response. Shortly after the afatinib treatment, the patient experienced rapid clinical symptom relief. After 1 month of the afatinib therapy, a repeated CT scan demonstrated a slight decreased tumor size in the left lobe ([Figure 1D and E](#f1-ott-11-8705){ref-type="fig"}). According to the Response Evaluation Criteria in Solid Tumors guidelines (version 1.1), the patient was considered to have stable disease (SD) in response to afatinib. During the treatment with afatinib, there were no treatment-related adverse events, including no abnormal hepatic and renal functions. Thus far, after 8 months, no progressive disease has been observed in the patient and he is continuing the treatment with afatinib.

This study was approved by the Medical Ethics Committee of the Zhejiang Provincial People's Hospital. Written informed consent has also been provided by the patient for publishing the case details and accompanying images in the case study.

Discussion
==========

At present, there are various treatment regimens for NSCLC, including chemotherapy, immunotherapy, and targeted therapy. Based on this patient's treatment history, he did not have any ICI. Besides the high price, a driver gene mutation was detected by NGS. Despite the observed improved overall survival of NSCLC patients treated with ICIs, the efficacy varies greatly among different immune and molecular profiles of tumors. Particularly, the clinical significance of ICIs for oncogene-driven NSCLC is controversial.[@b20-ott-11-8705] The ImmunoTarget trial indicated that the response of patients carrying the *HER2* mutation was rather low and merely reached a 7% overall response rate.[@b21-ott-11-8705] Based on these reasons, ICIs were not considered.

With the increasing development of targeted therapies, TKIs have been dramatically revolutionized and are widely utilized for lung cancer patients with driver gene mutations. *HER2* inhibitors, such as trastuzumab emtansine (T-DM1) and afatinib, are recommended for treatment of NSCLC by the National Comprehensive Cancer Network (NCCN) guidelines. However, the benefiting crowd of T-DM1 is HER2 positive patients whose detecting result was 3+ by IHC[@b22-ott-11-8705] and afatinib is preferred for patients with exon 20 insertion mutations.[@b13-ott-11-8705] The variant forms mentioned previously mainly refer to HER2 protein overexpression, copy number amplification, and *HER2* exon 20 insertion mutations. To date, a limited number of targeted therapy studies focusing on *HER2* ECD mutations have been published.

*HER2* S310Y is a single base mutation in the ECD region, and basic research has proven that this variant activates the downstream signaling pathways.[@b18-ott-11-8705] In breast cancer, two non-*HER2*-amplified cases harboring the *HER2* S310F mutation have been reported. The two patients were respectively treated with trastuzumab in combination with endocrine therapy or pertuzumab and endocrine therapy, and both achieved a prolonged response.[@b23-ott-11-8705],[@b24-ott-11-8705] A metastatic lung adenocarcinoma patient harboring *EGFR* L858R and *ERBB2* S310F mutations was treated with afatinib and achieved a rapid, complete, and durable response both clinically and radiographically.[@b25-ott-11-8705] Moreover, a lung adenocarcinoma case harboring the *HER2* S310Y mutation who was treated with afatinib has been reported.[@b19-ott-11-8705] In that case, the patient experienced a longer response duration with afatinib treatment, providing clinical evidence for its use in lung adenocarcinoma. However, to the best of our knowledge, this is the first case report to publish the successful management of *HER2* S310Y mutation lung SqCC with afatinib. As previously reported, NSCLC patients harboring the *HER2* mutation are mainly female non-smokers with the adenocarcinoma subtype.[@b26-ott-11-8705] This case suggests that HER2 testing should not be merely guided by clinical characteristics. And for patients who do not harbor the genes mentioned by the NCCN guidelines, NGS might be a good option for compiling a treatment plan.

Conclusion
==========

We, herein, reported the case of a lung SqCC patient harboring the rare *HER2* S310Y mutation, who responded to afatinib monotherapy. Based on this finding, afatinib might be considered as an optimal treatment option for lung SqCC patients harboring this type of *HER2* mutation profile. Further analysis of the efficacy of afatinib in such cases will lay the foundation for developing optimized treatment protocols for lung SqCC patients with uncommon driver gene mutations.
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![Computed tomography (CT) scans after different therapies.\
**Notes:** (**A**) Before any treatment; (**B**) 1 day before icotinib treatment; (**C**) CT of the chest showing a slight increase in tumor volume after 1 month of icotinib; (**D**) before afatinib treatment; (**E**) CT of the chest showing stable disease after 1 month of afatinib.](ott-11-8705Fig1){#f1-ott-11-8705}

![Immunohistochemistry (IHC) of biopsy specimen.\
**Notes:** (**A**) A high-power magnification of the tumor specimen shows squamous carcinoma (200×). IHC analysis revealed that the lung tumor cells were positive for CK5/6 (**B**), P40 (**C**), and P63 (**D**); 200×.](ott-11-8705Fig2){#f2-ott-11-8705}

![Molecular analysis of gene detection.\
**Notes:** (**A**) Tissue biopsy showed a deletion mutation in *EGFR* exon 19 by amplification refractory mutation system PCR. (**B**) The Integrative Genomics Viewer snapshot of *HER2* S310Y by next-generation sequencing.](ott-11-8705Fig3){#f3-ott-11-8705}
